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ABSTRACT: This paper will present
textual corpora for Serbian (and
Serbo-Croatian) that can be used for
the training of large language models and
that are publicly available at one of the
several important online repositories of such
resources. Each corpus will be classified using
multiple methods and its characteristics will
be described in details. Additionally, the
paper will introduce three new corpora: a
new umbrella web corpus of Serbo-Croatian,
a new high-quality corpus based on the
doctoral dissertations from all Universities in
Serbia, stored within the National Repository
of Doctoral Dissertations (NARDUS), and a
parallel corpus of dissertation abstracts and
their translations, derived from the same
source. The uniqueness of both old and new
corpora will be accessed via frequency-based
stylometric methods, and the results will be
briefly discussed.
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1 Introduction

With the rapid increase of available textual data within the Big Data
phenomenon at the beginning of the twenty-first century, it was soon realized
that these data can be used to build corpora for natural language modeling.
The fast-growing web-based data was first used as an add-on to the existing
slower-growing book-based data, but with an increased interest in quantity, it
slowly but steadily caught up with and surpassed the latter’s share in various
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language model training corpora. Today, most of the publicly available
corpora use web-based data, mostly due to looser copyright constraints.

In the context of this research, we will categorize the datasets into the
following categories based on their origin:

O1 Web corpora – corpora containing texts collected from the open web,
primarily using automatic scraping of HTML pages;

O2 Textbook corpora – corpora containing texts from textbooks or of similar
origin, namely scientific publications of all sorts (scientific monographs,
journal articles, conference/proceedings papers, theses etc.), and other
published non-literary works (government and legal texts not present on
the web, philosophy, culinary recipes etc.) collected primarily from the
digitally created documents or physical copy scans;

O3 Literary corpora – corpora containing published literary works including
mythology and religious texts;

O4 Synthetic corpora – corpora containing non-web texts created by
machines using natural language generation or machine translation;

O5 Mixed corpora – corpora created using texts originating from a mix of
the aforementioned and other sources.

Apart from the obvious difference in source material, these classes are
also differentiated by the creation process for the containing texts: while
texts from the first three groups (O1-O3) are mostly human-created (no one
can guarantee that a scrapped HTML page is not machine generated text),
only the second and third group contain texts that are necessarily curated,
i.e. they were read and corrected before publication, which takes time, but
ensures higher quality. Texts created by machines (O4) are usually prepared
the fastest but are also associated with lesser quality.

Another important classification is corpora form. In that regard, we also
classify corpora as follows:

F1 Plain-textual corpora – corpora incorporating only plain texts which can
be used to pre-train large language models such as BERT1 (Devlin et
al. 2018) and GPT2 (Radford et al. 2018);

F2 Annotated corpora – corpora where tokens, sentences or other segments
are annotated, e.g. part-of-speech-annotated texts or sentences labeled
with sentiment – these corpora are usually used to fine-tune models on
downstream annotation and labeling tasks;

1. Bidirectional Encoder Representations from Transformers
2. Generative Pre-trained Transformer
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F3 Parallel corpora – corpora where each sentence (or other segment) has
a specific pair, e.g. a translation to another language or an answer to
a question – these are usually used for the training of models with a
generative component such as the T5 3 model (Raffel et al. 2020).

In the following section, the paper will focus on the Serbian
and Serbo-Croatian corpora procured from three important online
corpora/dataset sources: Hugging Face,4, CLARIN virtual language
repository5 and European Language Grid.6 Other singular repositories
(e.g. GitHub projects) were not searched. Basic information about corpora
retrieved from these hubs will be presented in Section 2, newly-prepared
corpora will be presented in Section 3, and the experiment in accessing
their uniqueness will be presented in Section 4. Finally, the results of the
assessment will be discussed in Section 5.

2 Available Corpora

As already mentioned, this section will present a list of corpora compiled
by reviewing three online sources: Hugging Face (HF), CLARIN virtual
language repository (VLO) and European Language Grid (ELG) with
corpora languages being limited to the domain of Serbo-Croatian macro
language i.e., Serbian, Montenegrin, Croatian and Bosnian, as training
with closely related languages can be beneficial in certain scenarios,
particularly for tasks involving multilingual understanding or translation.
Retrieved corpora were categorized both by form (primary classification) and
origin (secondary classification). For plain-textual corpora (F1), minimum
requirement for including them was thirty million words for web corpora
(O1), and three million words for the other corpora (O2 − O5). Since
most of the corpora in this category are web-originated, a brief study on
deduplication was also conducted. As for the annotated (F2) and parallel
corpora (F3), the size requirement was set to 3,000 sentences, as these
resources are much scarcer and usually used for fine-tuning only.

3. Text-To-Text Transfer Transformer
4. huggingface.co the largest web hub for publishing language models.
5. www.clarin.eu, digital infrastructure offering data, tools and services to

support research based on language resources.
6. live.european-language-grid.eu, platform for all European Language

Technologies originated from MetaNet.
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2.1 Publicly available plain-text corpora

Tables 1 and 2 detail the twenty-four retrieved plain-text corpora. The first
table focuses on the Serbian corpora only, while the second presents the
other corpora in the scope of the Serbo-Croatian macro language, including
several umbrella corpora (produced via aggregation and deduplication of
other corpora).

Name Lang. Origin Size Publisher Hub

srWaC sr web 493 ReLDI VLO

cc100_sr sr web 711 Conneau et al. HF

mC4-sr sr web 800 Google HF

OSCAR-sr sr web 632 OSCAR proj. HF

CLASSLA-sr sr web 752 CLASSLA VLO

MaCoCu-sr sr web 2,491 Bañón et al VLO

PDRS1.0 sr web 602 ISJ VLO

SrpKorNews sr web 468 JeRTeh HF

SrpELTeC sr literary 5.3 JeRTeh HF

Table 1. Serbian only plain-text corpora available on surveyed dataset hubs. Size
is given in millions of words (M).

All corpora, save four, were sourced exclusively from the web. One
of them is literary, one is mixed, and the remaining two are aggregated
and classified as almost web corpora (∼web), since they incorporate the
aforementioned single mixed-origin corpus, riznica (Ćavar and Brozović
Rončević 2012).

Most of these corpora are a product of several specific efforts. Corpora
srWac, meWac, hrWac and bsWac originate from a single web scrape of
top-level domains for the four languages (Ljubešić and Klubička 2014;
Ljubešić and Erjavec 2021), resulting in over two billion words. The process
was repeated again later in order to produce CLASSLA-sr, CLASSLA-hr
and CLASSLA-bs, amassing over 2.5 billion words (Ljubešić and Lauc 2021).

The additional six corpora were derived from the Common Crawl dataset:
OSCAR-sr (632M) is the OSCAR project dataset derivative (Suárez, Sagot,
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Name Lang. Origin Size Publisher Hub

meWaC cnr web 80 ReLDI VLO

hrWaC hr web 1,250 ReLDI VLO

bsWaC bs web 256 ReLDI VLO

cc100_hr hr web 2,880 Conneau et al. HF

CLASSLA-hr hr web 1,341 CLASSLA VLO

CLASSLA-bs bs web 534 CLASSLA VLO

hr_news hr web 1,433 CLASSLA HF

MaCoCu-cnr cnr web 161 Bañón et al VLO

MaCoCu-hr hr web 2,363 Bañón et al VLO

MaCoCu-bs bs web 730 Bañón et al VLO

riznica hr mixed 87 IHJJ VLO

HPLT 1.2-sh mixed web 10,030 HPLT proj. HF

BERTić-data mixed ∼web 8,388 CLASSLA VLO

MaCoCu-hbs mixed web 5,490 CLASSLA HF

XLM-R-BERTić-data mixed ∼web 11,539 CLASSLA HF

Table 2. Serbo-Croatian plain-text corpora available on surveyed dataset hubs,
which are not Serbian only. Size is given in millions of words (M).

and Romary 2019), mC4-sr (800M) was derived from the multilingual C4
dataset by Google (Xue et al. 2021), HPLT 1.2-sh (over 10 billion words)
was gained from the HPLT project dataset (Aulamo et al. 2023), and finally,
cc100_sr and cc100_hr (over 3.5 billion words) are the cc100 dataset
derivatives (Conneau et al. 2019). It should be noted that some of these
efforts produced additional corpora, which were not included in this study
as they didn’t meet the minimum size requirement of three million words.

MaCoCu project web crawling effort (Banón et al. 2022; Kuzman and
Ljubešić 2023) produced MaCoCu-sr (2.5 billion words), MaCoCu-cnr
(151M), MaCoCu-hr (2.2 billion words), MaCoCu-bs (686M), and their
deduplicated aggregation, MaCoCu-hbs (5.5 billion words).

Another notable deduplication effort included four WaC corpora, and
three CLASSLA corpora, cc100_sr, cc100_hr and riznica corpora. This
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produced a 8.4 billion word aggregated corpus, published under the name
BERTić-data (Ljubešić and Lauc 2021).

Both BERTić-data and MaCoCu-hbs were aggregated again,
together with mC4-sr and hr_news (1.4 billion words) in order to
create XLM-R-BERTić-data (11.5 billion words), the largest published
Serbo-Croatian aggregated corpus. It, however, does not incorporate
Common Crawl datasets HPLT 1.2-sh and OSCAR-sr, nor the recently
published PDRS1.0 (Wasserscheidt 2023) (600M) and SrpKorNews (Krstev
and Stanković 2023) corpora (468M). This opens the possibility of creating
new and bigger umbrella corpora for both Serbian and Serbo-Croatian. The
full current effort in corpus aggregation is visualized in Figure 1.

Figure 1. Aggregation hierarchy of publicly available Serbo-Croatian plain-text
corpora. Blue color represents Serbian corpora, cyan Montenegrin, pink Croatian,
lime Bosnian, while corpora of mixed language origin are represented in purple.
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The only literary corpus of the required size available online is still
the SrpELTeC corpus (Krstev 2021; Stanković et al. 2022), which includes
120 novels and contains 5 million words. There were no constraints for
publication, as the corpus comprises materials for which the copyright has
expired.

2.2 Publicly available annotated corpora

Analyzing the selected dataset hubs we found 10 annotated corpora for
Serbian (Table 3). We focused on the corpora annotated using the Universal
POS tag set (17 classes), while there were no constraints regarding named
entity recognition (NER) and sentiment annotation. As opposed to the
plain-text corpora found primarily on HF and VLO, these corpora were
also found on the ELG in numbers.

POS-annotated corpora for Serbian include four resources:
SrpKor4Tagging (Stanković et al. 2020) with 60K sentences,
Intera (Gavrilidou et al. 2004; Stanković et al. 2020) with 47.5K,
1984 (Krstev, Vitas, and Erjavec 2004) with 6.7K, and reldi_sr (Miličević
and Ljubešić 2016) with 5.5K sentences. Two additional resources were
annotated by both POS and NER tags: SETimes_sr (Samardžić et al. 2017)
and NormTagNER-sr (Ljubešić et al. 2023) with 7K and 4K sentences
respectively and 5 NER classes. Three additional resources were annotated
via NER only: SrpELTeC-gold (Todorović et al. 2021; Frontini et al. 2020)
based on a part of a literary corpora comprising 52K sentences (7 NER
classes), Serbian part of the WikiAnn corpus (Rahimi, Li, and Cohn 2019)
with 40K sentences (3 NER classes), and Serbian part of the polyglot_ner
corpus (Al-Rfou et al. 2015) with over half of a million sentences and 3
NER classes. The one remaining resource is the Serbian part of the mms
sentiment-annotated corpus (Augustyniak et al. 2023) with 76K sentences
(3 sentiment classes).

A similar situation was observed regarding the other Serbo-Croatian
languages, where another ten resources had been retrieved (Table 4),
with the list mostly consisting of the Croatian counterparts of the
same, previously mentioned annotated resources. These include annotated
Croatian translation of the 1984, reldi_hr, NormTagNER-hr, Croatian
part of the WikiAnn and polyglot_ner corpora and the Croatian
sentiment-annotated sentences from the mms corpora. Additionally, there
are the Bosnian mms and Serbo-Croatian WikiAnn extracted from the
Serbo-Croatian Wikipedia articles. The sizes of these corpora are mostly
comparable to those of their Serbian counterparts.
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Name Lang. Origin Annotat. Size Publisher Hub

SrpKor4Tagging sr mixed POS 60 JeRTeH ELG

1984 sr literary POS 6.7 MULTEXT-East ELG

Intera sr textbook POS 47.5 META-SHARE ELG

reldi_sr sr web POS 5.5 ReLDi HF

SETimes_sr sr web POS, NER 4 ReLDi HF

NormTagNER-sr sr web POS, NER 7 ReLDi VLO

SrpELTeC-gold sr literary NER 52 JeRTeh ELG

wikiann-sr sr ∼textbook NER 40 Wikimedia HF

polyglot_ner-sr sr mixed NER 560 Al-Rfou et al HF

mms-sr sr web sentiment 76 Brand24 HF

Table 3. Serbian only annotated corpora available on surveyed dataset hubs. Size
is given in thousands of sentences (K).

The only unique resource from this list is hr500k (Ljubešić et al. 2016),
which was fully annotated (25k sentences) with NER tags (5 classes), and
only partially with Universal POS tag set (9k sentences).

2.3 Publicly available parallel corpora

A total of thirteen parallel resources were found for Serbian (Table 5),
including five corpora of parallel translations, one corpus with text-summary
pairs, one corpus of paraphrases, two corpora of question-answer pairs (QA)
and four instruction datasets (textual instruction and solution pairs).

All QA and instruction corpora found are synthetic in origin, created
using machine translation of existing QA and instruction corpora for
English: m_mmlu-sr and m_hellaswag-sr are translations of datasets
mmlu (Hendrycks et al. 2021) and HellaSwag (Zellers et al. 2019) using
GPT3.5, translated respectively; airoboros-3.0-sr is the translation of
the airoboros-3.0 dataset (Tunstall et al. 2023), and open-orca-slim-sr,
ultrafeedback-bin-sr and alpaca-cleaned-sr are Serbian versions of the
SlimOrca (Lian et al. 2023), UltraFeedback (Cui et al. 2023) and
alpaca-cleaned (Taori et al. 2023) datasets, respectively, translated using the
Google translate service. Together with the Serbian part of the semi-synthetic
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Name Lang. Origin Annotat. Size Publisher Hub

1984 hr literary POS 6.7 MULTEXT-East ELG

hr500k hr literary POS 9 ReLDi HF

reldi_hr hr web POS 7 ReLDi HF

NormTagNER-hr hr web POS, NER 8 ReLDi VLO

hr500k hr literary NER 25 ReLDi HF

wikiann-hr hr ∼textbook NER 40 Wikimedia HF

wikiann-sh sh ∼textbook NER 40 Wikimedia HF

polyglot_ner-hr hr mixed NER 630 Al-Rfou et al HF

mms-hr hr web sentiment 78 Brand24 HF

mms-bs bs web sentiment 36 Brand24 HF

Table 4. Serbo-Croatian annotated corpora available on analyzed dataset hubs,
which are not Serbian only. Size is given in thousands of sentences (K).

tapaco set (Scherrer 2020) (original text may not be synthetic, but the
sentences were paired using a simple algorithm), most of the available parallel
resources for Serbian are synthetic.

As for the non-synthetic resources, five parallel translation corpora
(English translations) include literary corpora 80 jours (Vitas et al. 2008)
with 3.7K sentences, and biblenlp-sr derived from the electronic version of
the Bible with 31K senteces, parallel English-Serbian version of Intera (47.5K
sentences), Serbian-English parallel subset of the Opus dataset (Tiedemann
2012) with 1 million sentences, and the parallelized subset of the MaCoCu
set, MacocuParallel-sr (Banón et al. 2022) with 2 million sentences. While
the two web-originated corpora are much bigger in size, it might not be
necessary to deduplicated them.

The only summary dataset is XL-Sum with 15K summarized text
pairs (Hasan et al. 2021).

Non-Serbian parallel datasets are presented in Table 6 and consist
mostly of alternative subsets of the same resources: English-Croatian
subset of biblenlp, subsets of OPUS dataset containing translations
from Serbo-Croatian, Croatian and Bosnian to English, and subsets of
the MaCoCu Parallel dataset containing translations from Montenegrin,

Infotheca Vol. 24, No. 1, February 2025 79

https://live.european-language-grid.eu/catalogue/corpus/8185
https://huggingface.co/datasets/classla/hr500k
https://huggingface.co/datasets/classla/reldi_hr
https://www.clarin.si/repository/xmlui/handle/11356/1793
https://huggingface.co/datasets/classla/hr500k
https://huggingface.co/datasets/wikiann
https://huggingface.co/datasets/wikiann
https://huggingface.co/datasets/polyglot_ner
https://huggingface.co/datasets/Brand24/mms
https://huggingface.co/datasets/Brand24/mms
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Name Lang. Origin Pair type Size Publisher Hub

80 jours sr literary translation 3.7 JeRTeh ELG

biblenlp-sr sr literary translation 31 eBible HF

Intera sr mixed translation 47.5 META-SHARE ELG

OPUS-sr sr web translation 1000 Opus project HF

MacocuParallel-sr sr web translation 2000 Bañón et al HF

XL-Sum sr web summary 15 Hasan et al ELG

tapaco-sr sr ∼synthetic paraphrase 8 Scherrer, Yves HF

m_mmlu-sr sr synthetic QA 14.5 Alexandra Inst. HF

m_hellaswag-sr sr synthetic QA 9.5 Alexandra Inst. HF

airoboros-3.0-sr sr synthetic instruction 46 draganjovanovich HF

open-orca-slim-sr sr synthetic instruction 515 DataTab HF

ultrafeedback-bin-sr sr synthetic instruction 63 DataTab HF

alpaca-cleaned-sr sr synthetic instruction 52 DataTab HF

Table 5. Serbian only parallel corpora available on analyzed dataset hubs. Size is
given in thousands of pairs (K).

Croatian and Bosnian into English. They account for most of the sentences,
over 5 million.

Two unique resources from the list are the Croatian subset of the mfaq
dataset comprising 5k web-scraped QA pairs (De Bruyn et al. 2021) and the
Serbo-Croatian subset of the exams dataset containing 5k QA pairs taken
from actual student tests (Hardalov et al. 2020). Despite the relatively small
size, these resources are important in the heavily underrepresented group of
QA datasets, the only alternative being synthetic translations.

3 New Corpora

A total of three new corpora are envisioned in the scope of this research.
The first (Umbrella corp) is the new and larger aggregated (umbrella)
plain-text corpus that will encompass the entirety of currently published web
corpora under a single entity. The creation of Umbrella corp is elaborated
in Section 3.1. The second envisioned corpus (S.T.A.R.S.) is designed to
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Name Lang. Origin Pair type Size Publisher Hub

biblenlp-hr hr literary translation 31 eBible HF

OPUS-sh sh web translation 271 Opus project HF

OPUS-hr hr web translation 1000 Opus project HF

OPUS-bs bs web translation 1000 Opus project HF

MacocuParallel-me cnr web translation 218 Bañón et al HF

MacocuParallel-hr hr web translation 2000 Bañón et al HF

MacocuParallel-bs bs web translation 500 Bañón et al HF

mfaq-hr hr web QA 5 CLiPS HF

exams-sh mixed textbook QA 5 Hardalov et al HF

Table 6. Serbo-Croatian parallel corpora available on analyzed dataset hubs,
which are not Serbian only. Size is given in thousands of pairs (K).

boost the representation of openly available textbook-quality sources and
it is based on the doctoral dissertations downloaded from the NaRDuS
platform,7 which were previously used to train currently largest language
model pre-trained for Serbian, gpt2-orao (Škorić 2024). The preparation
process for S.T.A.R.S. will be explained in more detail in Section 3.2. The
last corpus (PaSaž ) represents aligned translations of abstracts extracted
from the dissertations using methods presented in Section 3.3.

3.1 Aggregated web corpus - Umbrella corp

New umbrella Serbo-Croatian web corpus, Umbrella corp. is an aggregation
of the twenty existing corpora analyzed and discussed in this paper.
We avoided using existing aggregated corpora as material to ensure the
possibility of extraction of a specific language later on, e.g. the Serbian
part of the corpora, but it should be noted that the majority of the used
corpora had already been deduplicated both against other corpora from the
list and internally. The only mixed-language corpora on the list, HPLT 1.2-sh
was additionally processed to be split into corpora containing documents in
Serbian (HPLT-sr) and Croatian i.e. non Serbian (HPLT-hr). The basis for

7. NaRDuS – National Repository of Doctoral Dissertations from all Universities
in Serbia.
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this fuzzy classification was the frequency of specific words (tko/ko, što/šta,
uvjet/uslov, uopće/uopšte etc.) and the ratio of the character e and substring
je, which indicates the Ijekavian dialect.

The corpora was additionally cleaned and deduplicated. Deduplication
of the corpora content was performed on all documents using the
onion (Pomikálek 2011) corpus processing tool which performs fuzzy
deduplication, and locates document duplicates on the bases of n-grams
duplicated across the whole corpus. For this experiment we used 6-gram
duplicates search and eliminated all documents exceeding the 75% n-gram
duplication threshold.

After this deduplication the the total number of words was reduced by
a third, from 28 billions to 18.6 billions. With this total number of words,
Umbrella corp became the biggest available umbrella plain-text corpus in the
language scope, with additional improvements (e.g. additional boilerplate
removal and text correction) planned in the future.

The full list of corpora used, their sizes in millions of words before and
after deduplication and cleaning, as well as their total share in the final
version of the Umbrella corp. is presented in Table 7.

3.2 Set of theses and academic research in Serbian - S.T.A.R.S.

In the domain of textbook corpora (O2), doctoral theses represent a highly
desirable resource type due to several factors. Firstly, the high academic
standards regarding the methodology, data, and linguistic quality that a
doctoral thesis needs to satisfy, as well as the peer review process that
it undergoes, ensure a reliable high quality of the data from this source
type. Secondly, since a doctoral dissertation is expected to be a unique
scientific contribution that would advance the relevant science field further,
a corpus of doctoral dissertations is uniquely positioned in terms of the
thematic variety across various domains of knowledge and the timeliness
of the topics described. Finally, the large number of open-access doctoral
dissertations in the NaRDuS repository, the fact that certain sections
of doctoral dissertations are standardized, as well as the availability of
structured metadata for each dissertation on NaRDuS, make this resource
the ideal candidate for a unique, large, and high-quality scientific corpus in
Serbian.

NaRDuS was envisioned within the structural TEMPUS project
5440932013, RODOS.8 Pursuant to the amendments to the Law on Higher

8. rodos.edu.rs Restructuring of Doctoral Studies in Serbia (RODOS)
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Name Language Size before Size after Share

srWaC Serbian 493 307 1.65%

meWaC Montenegrin 80 41 0.22%

hrWaC Croatian 1250 935 5.01%

bsWaC Bosnian 256 194 1.04%

OSCAR-sr Serbian 632 410 2.20%

cc100_hr Croatian 2,880 2,561 13.73%

cc100_sr Serbian 711 659 3.53%

CLASSLA-sr Serbian 752 240 1.29%

CLASSLA-hr Croatian 1341 160 0.86%

CLASSLA-bs Bosnian 534 105 0.56%

hr_news Croatian 1,433 1,426 7.65%

mC4-sr Serbian 800 782 4.19%

MaCoCu-sr Serbian 2,491 2,152 11.54%

MaCoCu-cnr Montenegrin 161 152 0.82%

MaCoCu-hr Croatian 2,363 2,355 12.63%

MaCoCu-bs Bosnian 730 700 3.75%

riznica Croatian 87 69 0.37%

PDRS1.0 Serbian 602 506 2.71%

SrpKorNews Serbian 469 469 2.51%

HPLT-sr Serbian ∼5,015 2,562 9.95%

HPLT-hr Croatian ∼5,015 1,856 13.74%

Total 28,095 18,641 100%

Table 7. List of corpora used to build the new umbrella corpus, their sizes before
and after cleaning and deduplication and their share in the final corpus. Sizes are
given in millions of words (M).

Education9 (Amendments published in the Official Gazette, no. 99/2014,
entered into force on 19 September 2014), all higher education institutions

9. Official Gazette/Law on Higher Education
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have an obligation to make PhD dissertations available to the public prior
to their defense, while universities have an obligation to provide an open
access digital repository of the defended dissertations. In accordance with
the above, the NaRDuS platform has been in operation since September
2015. It is based on the DSpace software, which supports the OAI-PMH
protocol for metadata transfer (Verbić, Suvakov, and Luzanin 2017). At the
moment of writing this article, there were 13,289 doctoral dissertations on
NaRDuS.

As the first step in creating the corpus, the full list of dissertations
was obtained from the sitemap of the NaRDuS website,10, with Python’s
Requests module, complying with the specifications on the site’s robots.txt
page. Selenium and Python were used to retrieve the full detailed metadata
of each dissertation, including download links. Metadata for each dissertation
was also enriched with four additional fields:

fulltext_url – In the cases where multiple download links were provided
for one dissertation (which often included the committee report), all of
the PDF documents from the links were downloaded, their page count
and number of lines were automatically retrieved using the PyMuPDF
module in Python, and the appropriate link was selected and stored in
this field;

need_ocr – Automatic text retrieval using PyMuPDF for the first 10 pages
was attempted to evaluate whether the documents from the selected
URLs are digital-born or they require further steps of optical character
recognition (OCR) and manual revision, and the results of the procedure
were stored in this field in Boolean form;

srpski – This field indicates whether the dissertations were written in
Serbian (yes value) or another language (no value), and the language
of each text was determined through examination of both dc.language
and dc.language.iso fields;

ARR – This field indicates whether the dissertations were published under
the copyright license – all rights reserved (ARR), which was determined
by examining the dc.rights.license metadata field.

These four fields were used to filter out appropriate
candidate-dissertation for this rendition of the corpus. We selected the ones
where the respective PDF could be obtained through the fulltext_url, which
were written in Serbian (srpski=yes), do not need OCR (need_ocr=no),

10. NaRDuS website
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and were not published under the all rights reserved licence (ARR=no).
This filtering was done to extract only texts in Serbian and to ensure
compliance with the copyright licenses.

After applying this criterion, 11,624 dissertations remained, which is
around 87.5% of all of the dissertations in the NARDUS repository.

Finally, the full text from each of these dissertations was extracted using
PyMuPDF, saved as a TXT file, and used to build the corpus. Only the lines
that are part of textual paragraphs were preserved during the compilation
of the final corpus file, resulting in an corpus of over 560M words.

3.3 Parallel abstracts corpus – PaSaž

Due to the fact that parallel language resources, especially for less widely
spoken languages (like Serbian), are relatively rare, parallel corpora are
smaller and fewer in number compared to their monolingual counterparts.
Since abstracts of the Serbian doctoral dissertations are written both in
Serbian and English, they represent a valuable large, high-quality resource
for the creation of a parallel Serbian-English corpus of scientific language.
However, the title, format and location of the abstracts within the document
varies significantly, depending on the respective scientific institution. In this
study, a manual analysis of a large number of dissertations from different
institutions was first performed, after which the documents were separated
into two groups; in the first were the dissertations whose abstracts appeared
in the text itself (either at the beginning or the end of the document), and
in the second, dissertations whose abstracts were presented within a table in
the Key Word Documentation section. Out of the 11,624 dissertations, 2,594
were in the second, table-based group. Three types of data were extracted
from the documents (in both Serbian and English): the abstracts, keywords,
and the scientific field of the dissertation. Since the keywords are already
present in the metadata, their extraction was only done for the first group
of documents, where there were two sets of keywords (in case of possible
differences between the two versions). For the second group, only abstracts
and the scientific field of the dissertation were extracted.

Since the metadata for the majority of dissertations in NaRDuS contain
partial abstracts in both languages, Python script was used to search for the
beginning of each abstract (first 6 words) in the first group of documents.
If the dissertation did not have a partial abstract in the metadata, or the
search was unsuccessful, finding the start of the abstract was attempted
using regular expressions which matched the heading string of the abstract
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section. Since the information in this section always appears in the order 1)
abstract, 2) keywords, 3) scientific field (for both languages), an approach
using regular expressions was used to identify the end of each section and the
beginning of the next, after which the existing metadata for the dissertation
was updated with this information.

For the second group, in which the desired sections were present in
the Key Word Documentation section, the same approach was used, with
different regular expressions for the table sections.

After these steps, 7,687 parallel abstracts were extracted, and the
metadata of these dissertations was updated with the abstracts and the
scientific field of the dissertation. Where possible, the keywords from the
dissertation texts were also extracted and stored in a new field in the
metadata (keywords_from_text), in case the values differ from the ones
already existing in the metadata obtained from NaRDuS.

4 Evaluation

Dataset evaluation in the scope of this paper focuses on the plain-text
Serbian corpora only, and the evaluation is performed by rough assessment
of the uniqueness of each corpus, i.e., how much it differs from
the others. In order to assess the uniqueness aspect, we decided
to perform a word-frequency-based evaluation, inspired by an existing
experiment (Rayson and Garside 2000). For each candidate corpus, a
million-words excerpt was used to compile word frequencies, and the 1000
most frequent words from each corpus excerpt were extracted. The most
frequent words from each of the ten corpora excerpts were used to build a
features list (a unique set of words), resulting in a total of 3,257 features from
ten corpora. The relative frequencies (per million words) of each feature word
from each corpus were used to populate feature vectors, if the word was one
of the chosen 1000 for that corpus. If it was not, the relative frequency value
was set to 0. Once the feature vectors were populated, we calculated cosine
similarities (to the power of ten) between each pair of vectors to generate a
corpora similarity matrix. The corpus having the lowest relative similarity
with the other corpora is regarded as the most unique. The corpus similarity
matrix is presented in Table 8.

The presented results show that the most unique corpus according to
word frequencies is SrpELTeC, with an average similarity of 0.40, especially
when compared to the total average similarity of 0.71. It is also placed
furthest from every other corpus in the embedding matrix.
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srWaC 0.93 0.88 0.95 0.98 0.79 0.72 0.87 0.36 0.71

cc100_sr 0.93 0.91 0.91 0.90 0.92 0.75 0.93 0.44 0.62

mC4_sr 0.88 0.91 0.84 0.87 0.84 0.78 0.88 0.50 0.61

OSCAR-sr 0.95 0.91 0.84 0.94 0.78 0.70 0.82 0.37 0.69

CLASSLA-sr 0.98 0.90 0.87 0.94 0.75 0.71 0.85 0.34 0.70

MaCoCu-sr 0.79 0.92 0.84 0.78 0.75 0.71 0.89 0.48 0.52

PDRS1.0 0.72 0.75 0.78 0.70 0.71 0.71 0.73 0.47 0.47

SrpKorNews 0.87 0.93 0.88 0.82 0.85 0.89 0.73 0.42 0.56

SrpELTeC 0.36 0.44 0.50 0.37 0.34 0.48 0.47 0.42 0.22

S.T.A.R.S. 0.71 0.62 0.61 0.69 0.70 0.52 0.47 0.56 0.22

Average 0.80 0.81 0.79 0.78 0.78 0.74 0.67 0.77 0.40 0.57

Table 8. Word frequency-based similarity matrix of Serbian plain-text corpora
available on surveyed dataset hubs. The values represent cosine similarities to the
power of ten, obtained by comparing feature (word) frequency vectors.

The new corpus, S.T.A.R.S., is the second furthest corpus both from
each of the other corpora and on the average, which makes it the second
most unique one (average similarity of 0.57). What is especially interesting
is that the two corpora that have the lowest mutual similarity are actually
S.T.A.R.S. and SrpELTeC with a similarity of only 0.22, making them the
two opposite ends of the spectrum. The web corpora are clustered in the
middle, which is clearly visible on the two-dimensional representation of the
embedding matrix (Figure 2).

5 Conclusion

This paper provides an overview of textual corpora for Serbian (and
Serbo-Croatian) language publicly available (on Hugging Face, European
Language Grid and CLARIN VLO) in the following categories:
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Škorić M., Janković N. New textual corpora for Serbian lang..., pp. 71–96

Figure 2. Corpus uniqueness visualized through a two-dimensional network graph
representation of the calculated corpus-similarity matrix, where the edges represent
distances between each corpus and the colors represent the clustering spectrum.

– Plain text corpora – mostly web-originated, with an exception of the
literary SrpELTeC corpus;

– Annotated corpora – various origins, primarily annotated with POS and
NER and to a lesser extent with sentiment;

– Parallel corpora – mostly web-originated (MacocuParallel, OPUS ), as
well as literary translations and synthetic QA and instruction sets, one
web summary corpus, one semi-synthetic paraphrase corpus and two
smaller curated QA sets.

We found that the vast majority of the available plain-text corpora
originate from the web, and that several deduplication efforts exist, but
none of them currently encompasses all the corpora. We also found that the
textbook corpora were highly underrepresented, with not a single corpus
available matching the size criterion of three million words minimum.

To deal with the scarcity of textbook-quality texts we proposed and
compiled two new highly curated corpora based on publicly-available
doctoral dissertations in Serbian: The plain text corpus dubbed S.T.A.R.S.
(Set of theses and academic research in Serbian) and Parallel English-Serbian
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corpus of abstracts dubbed PaSaž. The former contains 11,624 documents
and features over 560 million words, and the latter contains 7,678 parallel
abstracts, and additional 2,805 partial abstracts, which amounts to around
eight million words, and represents a huge contribution to the publicly
available textbook-quality corpora for Serbian language modeling.

We also performed a word-frequency-based evaluation that indicated the
uniqueness of the dissertations corpus in the current paradigm, showing
that it has a relatively low similarity to other currently available corpora,
especially the literary corpus SrpELTeC, with the web corpora (having high
mutual similarity) placed in the middle (Figure 2).

Additionally, the paper introduces a new umbrella web corpus for
Serbian and Serbo-Croatian dubbed Umbrella corp. which accumulates all
the currently available plain text web corpora in the language scope.

The future work in this area should include further procurement of
textbook and literary texts that can be published, and the creation of
procedures for the enhancement of the existing resources, particularly web
texts.
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Škorić M., Janković N. New textual corpora for Serbian lang..., pp. 71–96

Banón, Marta, Miquel Espla-Gomis, Mikel L Forcada, Cristian
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Škorić M., Janković N. New textual corpora for Serbian lang..., pp. 71–96
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and Mihailo Skoric. 2020. “Machine Learning and Deep Neural
Network-Based Lemmatization and Morphosyntactic Tagging for
Serbian” [in English]. In Proceedings of the Twelfth Language Resources
and Evaluation Conference, edited by Nicoletta Calzolari, Frédéric
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